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(57)Abstract: 

PURPOSE: To produce a target material of high quality at a low cost capable of 
obtaining a uniform compsn even in use utilizing the powdery mixture of metal powder, 
high in density after sintering and free from chipping. i .aJWI 

CONSTITUTION: In the method for producing ti3fcffln\loy target material contg., by 
atom, 30 to 70% Ti, the one obtd. by mixing Ti powder of ≤100 meshes and Al or Al ~ ' 
alloy powder of ≤240 meshes is used as a raw material. Then, as the same raw 
material powder, at least one kind of the powder of third elements selected from the 
group consisting olgjggaNb^S^Y and Ce may be added by &le^!@al5me^gther than 
the same Ti powder and Al or Al alloy powder. This raw material powder is mixed, 
which is thereafter filled into a bellows capsule and is subjected to hot hydrostatic 
pressurizing treatment under the conditions of 500 to 600°C temp, and ≥700kgf/cm2 
pressure, by which the Tt-Al alloy target material can be produced 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

(Industrial Application] this invention is [0002] about the manufacture method of the Ti-aluminum alloy target materia] used in 
case a cutting tool or a moving part is coated with the thin film excellent in abrasion resistance and oxidation resistance. 
[Description of the Prior Art] The target material which used the Ti-alununnm system alloy is conventionally manufactured by the 
solution process and the powder method. Although the composition of a solution process is uniform, it is easy to generate a 
shrinkage cavity at the time of solidification, and there is a trouble of being easy to produce a crack at the time of sintering, and 
the yield is still worse. Moreover, cutting ability is also bad and a conversion cost can apply highly the target material obtained by 
this solution process only to quality articles from a bird clapper. 

[0003] On the other hand, a powder target has two kinds, the case where an alloy powder is used, and when a metal powder is 
used. When using an alloy powder, there is the same problem as dissolution material, and a crack occurs at the time of sintering. 
Moreover, also with the thermal stress generated while in use, a crack occurs and it has become the cause of a trouble. 
[0004] Moreover, the method of mixing metal powders and manufacturing a target by making this into a raw material has that a 
problem is in the homogeneity of composition, and tow density, and has troubles - it is easy to apply. For this reason, the solution 
process and the powder method which used the end of an alloy powder is recently used for manufacture of target material. 
[0005] In addition, in manufacturing target material by these powder methods, after hot-rolling after carrying out 
hydrcstatic-pressurc pressure treatment (CIP) between the colds of the powder (hotpress HP) or carrying out CIP processing, 
hydrostatic-pressure pressure treatment (HIP) between heat is carried out 
[0006] 

(Problcm(s) to be Solved by the Invention] However, like the above-mentioned, the rate to which the target cost of materials 
occupies the powder method which used this solution process and the end of an alloy powder to per product piece is high, and the 
use is limited to quality articles from the bird clapper. 

[0007] Moreover, when using as a raw material what mixed the metal powder, while the homogeneity of composition is bad like 
the above-mentioned, density is low and mere are troubles - it is easy to apply. 

[0008] Furthermore, like before, when it sinters by CIP+HP or* CIP+HP, by this method, density will be mostly determined in the 
state of CIP, and densification of target material cannot be attained. For this reason, membrane formation becomes impossible, 
when unusual electric discharge may occur while in use and the conventional target material docs so through water, since density 
is low. For this reason, the conventional target material is used by carrying out bonding to a copper base, and while there is much 
exchange frequency for this reason, the use efficiency of a target has a fault of a low. 

[0009] When this invention is made in view of this trouble and a metal powder is used, uniform composition is acquired, and it 
aims at offering the Ti-aluminum alloy target material by which the fault of density having been high and being easy to apply was 
canceled 
[0010] 

[Means for Solving the Problem] The Ti-aluminum alloy target material concerning this invention is characterized by using as a 
raw material what mixed Ti powder of 100 or less meshes, aluminum of 240 or less meshes, ox the end of aluminum alloy powder 
in the method of manufacturing the Ti-aluminum alloy target material which does 30-70 atom % content of TL 
[001 1] In this case, the performance of the coating film formed using it can be raised further further by adding the powder of at 
least one sort of 3rd elements chosen as the aforementioned raw material powder from the group which consists of Si, B, Nb, Cr, 
Y, and Ce out of the aforementioned Ti powder and aluminum powder below 10 atom %. 

[00 1 2] Target material can be obtained, when a bellows capsule is filled up with this after mixing the above-mentioned raw 
material powder in this invention, temperature performs 500-600 degrees C on two or more 700 kgf/cm conditions and a pressure 
performs hydrostauc-pressure pressure treatment between heat 
[0013] 

[Function] It is required that the manufacturing cost of target material should be reduced without dropping on target material the 
performance of the coating film first formed [ 1st ] using it Moreover,, in order to improve the performance of the coating film 
further, it is also necessary to take adding the 3rd element into consideration 

[0014] From such a viewpoint, the mvenuon-in-this-application person paid bis attention to the method of manufacturing target 
material using the mixed-powder end of the mixed-powder end of Ti powder and the end of aluminum alloy powder or Ti powder, 
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and the end of aluminum alloy powder. However, about application of this raw material, homogenization and delineation of 
composition are the factor which obstructs utilization. Conventionally, the cause of main that the powder which mixed this metal 
powder is not used as raw material powder originates in homogenization and densificauon of this composition being difficult 
[001 5] Naturally specific gravity differs and the main cause that homogenization of composition is not acquired depends both 
metal powders on that there is much dispersion in composition by mixed conditions for this reason. As a factor which influences 
this composition heterogeneity, although there were a powdered configuration and powdered grain size, as a result of the 
experiment research by the invention-in-this-application person, a powdered configuration does not have big influence to the 
ununiformity of composition, and it became clear that the influence by grain size is size. Then, as a result of an 
invenuon-in-this-application person's doing experiment research variously based on this knowledge, as compared with the grain 
size of Ti powder, the knowledge of the heterogeneity of composition being improvable was carried out by enlarging grain size in 
ahiminum or the end of aluminum alloy powder. 

[0016] A powdered grain size influences the sintering property also in the sintering process after mixture. Since the densificauon 
of target material was also one of the purposes in this invention, the particle size in aluminum which achieves the duty of a binder, 
or the end of aluminum alloy powder was suppressed small This is based on the following reasons. If it is decided in the end of 
aluminum which is the low melting point, or aluminum alloy powder and sintering temperature exceeds 600 degrees C, aluminum 
or the end of aluminum alloy powder will fuse the temperature conditions of sintering. For this reason, although sintering 
temperature is made into 600 degrees C or less, grain size is made fine in order to make sintering temperature easy to deform also 
by the low case in this case at the time of HIP processing. For this reason, grain size was first optimized from a viewpoint of the 
bom sides of homogenization of composition, and a sintering property. Consequently, for the obtained optimal grain size, 
aluminum powder is [ 240 or less meshes and Ti powder ] 100 or less meshes, aluminum or the end of aluminum alloy powder is 
made into 240 or less meshes for securing a degree of sintering. Moreover, grain size of Ti powder is made into 100 or less 
meshes because Ti powder needs to have aluminum or a twice [ about ] as many mean particle diameter as the grain size in the 
end of aluminum alloy powder because of homogenization of composition. 

[001 7] In order to fill up the crevice between Ti powder with aluminum powder and to acquire homogenization, it is necessary to 
make grain size of aluminum powder smalL However, if aluminum powder is too fine not much, it will become difficult with 
rather heterogeneous composition that pack density does not go up and to fill the crevice between Ti powder according to the 
factor of a bird clapper etc. For this reason, Ti powder had aluminum and a twice [ in the end of aluminum alloy powder / about ] 
as many mean particle diameter as this. 

[0018] Composition of Ti-aluminum alloy system target material was limited to the amount of Ti being 30 to 70 atom % for 
facing forming a nitride film using this target material, the hardness of a generation film becoming remarkably high rather than a 
TiN film within the limits of this, and abrasion resistance improving. That is, it is for making into sufficient thing the performance 
of the film formed using the target material of this invention, Le, abrasion resistance. 

[001 9] Moreover, addition of the 3rd element, such as^ff^Nb^S^T, or Ce, is effective in preventing the oxidization in the 
elevated temperature of especially target material. Although these elements are independent, or two or more sorts can be 
compounded and it can add, if the addition exceeds 1 0 atom % in a total amount, a detrimental layer will be formed and abrasion 
resistance will deteriorate. For this reason, the upper limit of the addition was made into 1 0 atom % in the total amount 
[0020] Next, although it is necessary to carry out densificauon of the target material in order to avoid the problem applied at the 
time of machining of target material, for mis reason, it is desirable that temperature performs 500-600 degrees C on two or more 
700 kgffcm conditions, and a pressure performs hydrostatic-pressure pressure treatment between heat. Thereby, densificauon of 
the target material manufactured by this invention is carried out remarkably. HIP conditions — processing temperature: — it is for 
making density of the target material after processing 99% or more that they arc 500-600 degrees C and two or more 
welding-pressure: 700 kgf/cm Thus, if densificauon of the target material is carried out, it will become possible, after using it for 
film formation to carry out water cooling of the target material, it will become possible to carry out the film formation process of 
the following order promptly after film formation, and the use efficiency of film formation equipment will improve. Moreover, the 
membrane formation speed expressed with the amount of laminatings per unit time improves by carrying out densificauon of the 
target material. 

[002 1 ] Like the raw material of mis invention, it is very difficult for pack density to make low powder transform uniformly in a 
sintering process at the time of pressurization. In order to solve this technical problem, this invention used the accordion tube for 
the capsule which contains the end of mixed powder. The HIP itself impresses the force to materia] isotropic essentially. 
However, on the other hand in mis invention, Mukai's force is given by using an accordion tube for a capsule in the end of mixed 
powder at the time of pressurization. Thereby, pack density can make the end of low mixed powder transform uniformly at the 
time of the pressurization of a sintering process, and the configuration of the obtained target material becomes uniform. 
[0022] 

[Example] Hereafter, the example of this invention is explained 

The target material from which a composition ratio with aluminum is set to example ITi with 1 : 1 was manufactured The 
manufacturing process is shown in drawing 1 . That is, aluminum powder of 240 meshes and Ti powder of 1 00 meshes were 
mixed, and it was filled up with this end of mixed powder in the accordion tube. Subsequently, HIP processing was carried out 
after deaerating the interior of an accordion tube. This HIP condition is temperature:550 degree C, pressure: 1 500 kgf/cm2, and 
holdmg-time:3 hours. It cut after HIP processing and target processing was carried out 

[0023] A diameter is the pillar which is 130mm and the Plastic solid fabricated inside the accordion tube extracted the sample on 
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the line passing through a center in the head and pars basilaris ossis occipitalis of the pillar-like Plastic solid from the end section 
(position **) e core (position **), and the other end (position **). Composition and density were measured based on this sample. 
The result is shown in the following table 1 . Moreover, the rrucrostructure photograph after sintering by HIP is shown in drawing 
2. 



[0024] 
[Table 1] 





TtfiUG^K) 






m <d 


50.0 


3.21 


101.2 




49.9 


3.21 


101.2 


O 


49.4 


3.21 


101.2 


m <a> 


50.7 


3.21 


101.2 


ism © 


50.0 


3.20 


100.9 




49.5 


3.20 


100.9 



[0025) To the composition desired value of Ti being 50 atom %, measured value is in the range of 50**0.7 atom %, and has 
become the composition range of absolution material, and a homogeneous thing practically equal so that clearly from this table I . 
Moreover, it hardly changes with the value (theoretical value) by which density was also calculated, but has become about 1 00%. 
Such the degree of homogeneousness and high density of composition appear also on the optical microscope organization which 
shows drawing 2 . For this reason, also at the time of machining, the target material manufactured by this example did not carry 
out injury generating, but there was no problem of a leak. Moreover, rnembraneous ability was also equivalent to dissolution 
material, and a manufacturing cost is 1/2 of dissolution material and the end material of an alloy powder, and was able to 
manufacture target material very quality at a low cost . 

By the same method as example 2 example 1 , target material was manufactured so that it might become composition of Ti;45 
atom %, aruminum;45 atom %, and Cr, pentatomic %. The manufacture method is the same as that of what is shown in drawing 1 
f and the end of an ahiminum-Cr alloy powder it manufactured by the gas atomizing method was used for it instead of aluminum 
powder of an example 1. 

[0026] Composition and density of the Plastic solid after sintering by HIP are shown in the following table 2. 



[0027] 
[Table 2] 
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[0028] As shown in this table 2, also in this example, the homogeneity of composition is good and density also showed the value 
almost near a logical value. 

It investigated about the homogeneity of composition at the time of changing the particle size distribution in the mixed-powder 
end of example 3 aluminum powder +Ti powder, and the degree of smtering. Grain size is taken for the result along a horizontal 
axis at drawing 3 , and the range of fluctuation of Ti composition after smtering on a vertical axis is taken and shown. It set up so 
that the ratio of the mean particle diameter of ahirninum powder and Ti powder might be set to 1:2. However, composition of 
target material is 50 atom %Ti-50 atom %aluminum. 

[0029] h turns out that there is combination of the grain size optimal about the homogeneity of composition, and it is required for 

improvement in density to make grain size of aluminum powder into -240 meshes so that clearly from this drawing 3 . 

The result which measured the density after sintering with example 4 CIP+HIP material (the conventional method) and the HIP 

material (this invention method) using the accordion tube is shown in the following table 3. By this invention material, density of 

density of CIP+HIP material is improving to 100% to being 90%. 

[0030] 

[Table 4] 
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[Effect of the Invention] As explained above, by using the target material manufactured by this this invention, this invention 
enables it to manufacture quality Ti-aluminum alloy target material by the low cost, and it becomes applicable [ coating to a 
cutting tool a moving part, etc. ], and a scope is expanded and it becomes extensible [ the large life of a cutting tool and a moving 
part ]. Thus, this invention makes a great contribution in this kind of technical field. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart view showing the example method of this invention. 

fDrawinft 2] It is the photograph in which the metal texture by the optical microscope extracted from the samp 1 e is shown 
[Drawing 31 It is the graphical representation showing the relation between grain size and the range of fluctuation of Ti 
composition. 
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CLAIMS 



[Claim(s)) 

[Claim 1] The manufacture method of the Ti-duminum alloy target material characterized by using as a raw material what mixed 
Ti powder of 1 00 or less meshes, aluminum of 240 or less meshes, or the end of aluminum alloy powder in the method of 
manufacturing the Ti- aluminum alloy target material which docs 30-70 atom % content of Ti. 

[Claim 2] The manufacture method of the Ti-aluminum alloy target material according to claim 1 characterized by adding the 
powder of at least one sort of 3rd elements chosen as the aforementioned raw material powder from the group which becomes 
from Si, B, Nb, Cr, Y, and Ce at the outside in the aforementioned Ti powder and duminum, or the end of durninum alloy 
powder below 10 atom %. 

[Claim 3] The manufacture method of the Ti-aluminum alloy target material characterized by filling up a bellows capsule with 
this after mixing raw material powder according to claim 1 or 2, and for temperature performing 500-600 degrees C on two or 
more 700 kgf/cm conditions, and a pressure performing hydrostatic-pressure pressure treatment between heat 
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LTL*5. i<0^», ^iaK«±6 0 0*CWTt:i-* 20 «agXStfeV»TME^t%-t:3^S*S<Ifc 

a*. ^ <7>®£izmimmtfm *&&Tt> h i psaa^c t±ffitf>TBSt*>&. ;<7>sffl£ 

*>. ia^^^aftst/^mt^sttn^K^A^ h i p i«c«. *mb£mtzmwi&i$:$mt& . 

Wfi. Al»5t^2 4 0*>-soLJilK Ti©>*#10 &Clfcfc:J:*K ME^tS^R*C-^rifil^^##-r 

O^-y^^&TXhi. AlXttAl^»5KS2 4 0 *A3f=rft. d*tCJ:>K «m«®& t fiV%a^»3tii& 

&. ife. Ti»*tf9eeS-10 0y-y^juUlTi:-r& #Ut*-y-y htft^Wfc&SSf-fc**. 

OfcL ffiK^Mft^^t, TiBfcttiAlXliAl [0022] 

i?m*m&com 2 fewmi&m-oz b w^mx- » immi ot. *m)?mm£^xwm-*. 

[ 00 1 7 ] T i tolWWmZA 1 #*-C3fc«L%Bfc T i fc A 1 fcOffljfcfctfl : 1 bttih9-Yv 

AHS*<0®gi&/h$<i-S^*tft6. jgUt. *08i£EIS£Hlt3S-f. BBt> % 240.X? 

Al»**s*t»)»3WarSk3(&i«K*»***« ^Al»*t. 100^-y^jLiOTi»5fef:*a-& 
Ti»3|ao^lSI*«^>Sit* 4 Sit^ Z<r>M^M$i®mft&t®Lti. <k^X. ®M 

&zbm0mmz±wt^xT>m&mt&.b%h. z ^rtairKaLfc^ h i pimtti. z<nn i p^ff 

WJt«>. Ti»*{iAlXtXAl^»5ScO»2fig<W tt. fig: 550X:. ffift: 1500kgf/cm^ 

^»SSrtoJ:3tL3t. tsa^S: 3^C*S. H I P®Sf*. 9- 

[00 18]Ti-Al^k^^-y^h«offl«S:T y-yhJlXtfc. 

ifi*530~70IS^%TJ>SC:fcfc:R^L3tO{i. C 40 [ 0 0 2 3 ] ttJSSrt&TJ^SftfclSffiML 

<0^-y -/ h»?rffiffl LTM^JSSrJBiaWS OS L . 130m mOHttT* 0 . -£«0Rettl£JBfttf)IB3i: g 

*m»»S?*»*i^)fiHrtTT i NKJ: »)fe^L<©< ^fcfcv^T. +*^a&8LtC. -SSS8 (fig®) fc. 

?-yvhm&mLx&&^&mmm. bp^. mm wivt:. zcomt:mzwmv®mzm.i>t:. 

m*-}ritti:i><r>b-$-hit*>X-bh. JSHStTH^ 1 (=5rf . ttz. H I P(cJ:6»M£&*>$ 

[00 19] ifc. Si. B. Nb. Cr. YXJiCe ^affi«^^02{C^r. 

^o»37n^<^inni. m\z*-¥v Y-tt<r>ig&x<m [0024] 

&m±th<o£imvhz>. ztit><r>jmiimhX'. mu 
xim$m$:miLxmm-zz.b&x£&tf. *<m 



[0020] act. »/ httammaxf&wn 



(4) 



tfBi¥8-l 20445 





1 l MWT^^ 




tfliK/ 9wSV%^ 




50.0 


3.21 


10L2 




49.9 


3.21 


101.2 




49.4 


3.21 


101.2 


m ® 


60.7 


3.21 


101.2 


iss ® 


50.0 


3.20 


100.9 




49.5 


3.20 


100.9 



[0025] £0)m*>&9J£#*fr«l:5C. Titf)fflj£ 
BSfitt501g[^%-C*^«CJ»tt. 8£fl»±5 0± 

o. 7iFF%s«Bfc*9. mtm<miSismt±mc 



33IW2 

mmi t mm<omx. n.4 5w?%. a i ; 4 

5Bf?%, Cr; 5M^%eOfflj£{c3:.5.fc-?fc:. 
Xffifc«t9ISttfcA 1 -C i"&£»*£ffifflWi. 

[ o o 2 6 1 h i pk x&mmnmuwmjSMfisi 

20 [0027] 
[112] 



mam 


TlftCB^*) 


CrI(K«) 




mm <d 


45.1 


5.2 


100.7 




45.3 


5.3 


100.6 


SUB ® 


44.9 


5.1 


100.3 


CD 


44.9 


5.1 


100.5 


jg^ 0 


45.3 


5.4 


100.7 




45.7 


5.0 


100.6 



[0028] Z<rm2i^tXo^ *%&0i£ti^r 

t, « mLff&t-mtmx-h *> . ass t> «a^ifii«e 

HSIW3 

A 1 »*+T i »*^)iB^»*<^S^S-35t^^ 

iMBSrfcoT^t. AI»*fcTit»*kC0¥^»S<0 
iWl : 2t^&J;3t:^Lt. <IU M* 40 

oa^tt. 5 08t^%T i - 5 0JSFf%A 1 Tfe& . 

[0029] z.<m3&mt>iy%£ o fc. msum-^ 



*). ffi&Ofa-bfcttA 1 24 0* -/Sol 



C I P+H I P» ttE'gSfflV^H I 

-raj3t3fc5jc$\ C I P+H I P#c0ffigl±9 0%T& 

saiatu *9mtrraioo%iT«Kmhi/c 

[0030] 





mm (g/cm») 




turn (ci p+h ip) 


2. 8 6—2. 9 5 


89. 4-91. 9 


*%m& omsn i p) 


3. 2 1—3. 2 0 


100. 9—10 1. 2 



[003 1] 



*50* I&sjJtf>*8S] OJJtH8bfcJ:5t. *IH8fc:J;0. « 



(5) 



^^8-1 20445 



8 



®x-s>&. 



ma 



Aim 



-2t>0 



I 



Tint 



-t00/-/2 



at 



HIP 
I 



550*Cx 3S#Po^1500Kgf/cm 2 



[03] 



«L5 



H15 



Tl 

4a 
ft 

(at*) - l0 

-15 

AI»J<>*>»> -CO 



-100 
-60 
37 



*4m 

-2*0 
-MO 
101 



-320 
-WO 
101 



<6> 



ftRFF8-12044 5 



[132] 



400 a 




(51)lnt.Cl. 6 
C22F 



1/04 
V18 



wsm& fmwm^ f i 
a 

H 



